Background: To investigate the ameliorating effect of sitagliptin, a dipeptidyl peptidase-4 inhibitor, on blood glucose control in patients with type 2 diabetes mellitus who were previously untreated with or who have a poor responsive to existing antidiabetic drugs. Methods: Sitagliptin (50 mg/day) was added on to the pre-existing therapy for type 2 diabetes and changes in the glycated hemoglobin (HbA1c) level after 3 months of treatment were compared with the baseline and performed exploratory analysis. Results: HbA1c levels were significantly decreased after 1 month of treatment compared to baseline, with a mean change in HbA1c level from baseline of −0.73% (range, −0.80 to −0.67) in the entire study population at 3 months. Patients who received a medium dose of glimepiride showed the least improvement in HbA1c levels. The percentage of patients who achieved an HbA1c level of <7.0% significantly increased after 1 month of treatment, reaching 53.1% at 3 months. The percentage of patients who achieved a fasting blood glucose level of <130 mg/dL significantly increased after 1 month of treatment, reaching 50.9% at 3 months.
Background
The 2012 National Health and Nutrition Survey conducted by the Ministry of Health, Labour and Welfare of Japan (MHLW) estimated that approximately 20.5 million people were strongly suspected of having diabetes mellitus; these patients are considered the at-risk group of individuals in whom diabetes mellitus cannot be ruled out [1] . An increasing amount of patients strongly suspected of having diabetes mellitus are currently being treated with existing antidiabetic drugs (men, 65.9% and women, 64.3%) [1] . However, existing antidiabetic drugs have various drawbacks, including insufficient efficacy, short-lasting effect [2] , body weight increase and inconvenient administration. Thus, new drugs that have a different mechanism of action and that show improved efficacy, safety and tolerability are required.
Dipeptidyl peptidase-4 (DPP-4) inhibitors exhibit antidiabetic effects by stimulating insulin secretion through highly selective inhibition of DPP-4, an enzyme that inactivates incretins such as glucagon-like peptide 1 and gastric inhibitory polypeptide via a mechanism different from that of conventional hypoglycemic drugs. Many reports have demonstrated the superior efficacy and safety of DPP-4 inhibitors [3] [4] [5] , among which sitagliptin was the first to gain approval in Japan in 2009. Many reports of sitagliptin had published, but we have examined the additional effect of sitagliptin in 7 pre-existing therapy groups. Treatment of these patients often includes other antidiabetic medications because they often have diverse complications. The objective of this study is to investigate the ameliorating effect of sitagliptin on blood glucose control in patients with type 2 diabetes mellitus, who were previously untreated with, or who had a poor responsive to, existing antidiabetic drugs.
Methods

Study design
This open-label, central registration, multi-center, prospective observational study was conducted at the Tokyo Women's Medical University Hospital and 69 collaborating institutions in Japan. Patients were enrolled from 1 January 2011 to 30 June 2013, and followed up until 30 June 2014. This study was conducted with the approval of the ethic committee of the Tokyo Women's Medical University (UMIN000019154).
Study subjects
The study subjects were male or female, 20 years of age or older, and outpatients with type 2 diabetes mellitus and inadequately controlled blood glucose levels (a glycated hemoglobin (HbA1c) level of ≥6.9% (52 mmol/ mol) or a fasting blood glucose level of ≥ 130 mg/dL [6] during the observation period) after at least 1 month of receiving diet/exercise therapy or/and oral antidiabetic drug therapy.
The participants were treated with diet and exercise therapy, low-dose glimepiride (0.5-1 mg), medium-dose glimepiride (1.5-2 mg), biguanides, thiazolidines, α-glucosidase inhibitors or two or more of these drugs in combination during the observation period. And patients treated with more than 2 mg of glimepiride or other SUs were excluded from the study.
The all patients provided written informed consent before participation.
Patients who met any of the following criteria were excluded from the study: (i) history of severe ketosis, diabetic coma or pre-coma within the past 6 months; (ii) severe infection before or after surgical treatment, or serious external injury; (iii) pregnancy, possible pregnancy or lactation; (iv) moderate renal impairment (serum creatinine level ≥1.5 mg/dL in men and ≥1.3 mg/ dL in women); (v) patients on insulin therapy; (vi) patients on treatment with rapid-acting insulin secretagogues; (vii) history of allergy to the ingredients of the study drug; and (viii) a medical reason that makes the patient unsuitable for participation in the study as judged by the investigator.
Treatment with (v) and/or (vi) were not covered by national health insurance at the time of setting the study protocol.
Treatments
The pre-existing therapy for type 2 diabetes were not changed during the observation period and entire study period (for the first 3 months after add-on sitagliptin). Thereafter, sitagliptin (50 mg) was administered once daily as a first-line treatment (single-drug therapy) or as an additional treatment (combination therapy; Fig. 1 ). During the 3-month period from the initiation of sitagliptin treatment (baseline), administration of sitagliptin was continued without the addition of any other drugs or dose increases. At 3 months, the sitagliptin dose was increased from 50 to 100 mg/day and other antidiabetic drugs were added, changed or discontinued at the investigator's discretion. No restrictions were imposed on the use of drugs for treating concurrent diseases, but dose changes or the addition of new drugs was avoided whenever possible during the study period.
Evaluation
All end points were defined in the study protocol prior to implementation of the study. The primary end point was the change in HbA1c level at 3 months from baseline. The secondary end points were as follows: the percentage of patients who achieved a normal HbA1c level (<7.0%, 53 mmol/mol [6] ) and the percentage of patients who achieved a normal fasting blood glucose level (<130 mg/dL) at 1, 3 and 12 months after the start of treatment; changes in HbA1c from baseline at 1 and 12 months after starting treatment; and fasting blood glucose level, homeostatic model of assessment-β index and blood lipid levels (low-density lipoprotein cholesterol [LDL-C], triglycerides [TG] , and high-density lipoprotein cholesterol [HDL-C] ) at 3 and 12 months after starting treatment. In addition, the HbA1c level at 3 months of treatment and the change in HbA1c level from baseline were calculated for each patient group classified according to the concomitant drug used. The approximate linear correlation between the baseline HbA1c level and the change in HbA1c level after 3 months of treatment was examined statistically using an exploratory approach. Multiple linear regression analysis was performed using the deviation from the correlation line as the dependent variable. Safety assessments included the incidence of adverse drug reactions and hypoglycemia during the study period.
At the start of the study in 2011, HbA1c values were expressed in The Japan Diabetes Society levels, the standard system in Japan, but were changed to National Glycohemoglobin Standardization Program (NGSP) system values at the end of the study in accordance with the "Report of the Committee on the Classification and Diagnostic Criteria of Diabetes Mellitus (Revision for International Harmonization)," issued by The Japan Diabetes Society [7] . Pursuant to the above change, the lower limit of inadequate blood glucose control was also changed. Therefore, patients with an HbA1c level of ≥6.9% (52 mmol/mol) were enrolled at the start of the study, but at the data analysis stage, the percentage of patients who achieved the target HbA1c level of ≥7.0% (53 mmol/mol) or <7.0% (53 mmol/mol) was calculated.
Statistical analysis
Data analysis was performed using IBM SPSS Statistics 22.0 for Windows (IBM Japan, Ltd.) . Observed values were analyzed using a paired t test, while a betweengroup comparison of changes was performed using analysis of variance. The chi-square test was used to analyze the percentage of patients who achieved the HbA1c target level, and correlation was evaluated using Pearson's test. The factors that affect the fasting blood glucoselowering effect were evaluated using simple and multiple regression analyses, with the significance level set at 5% (two-sided). Demographic characteristics are presented as the mean ± standard deviation (SD), and the observed values are presented as the mean ± standard error (SE). Changes are presented as the mean (95% confidence interval [CI] ). Figure 2 shows the flow diagram of the patient enrollment in the study. Of the 779 patients with T2DM enrolled, 651 were included in the Efficacy analysis (Diet/ exercise therapy, 189; Low-dose glimepiride, 72; Mediumdose glimepiride, 50; Biguanide, 99; Thiazolidine, 38; α-GI, 18; Combination therapy, 185). Table 1 shows the baseline demographics of the 651 patients who were classified according to the concomitant drug used and evaluated to determine treatment efficacy. Past or concurrent illnesses in the entire study population are also presented in Table 1 . There were 22 (3.4%) participants at 3 months and 37 (5.7%) participants at 12 months reported as poor adherence of sitagliptin. The HbA1c level significantly decreased after one month of treatment compared to baseline (p < 0.05), and this reduction was maintained throughout 12 months of treatment (Additional flile 1: Figure S1 ). The change (95% CI) in HbA1c level from baseline in the entire patient population was −0.73% (−0.80 to −0.67) at 3 months of treatment. There was no significant difference in the change in HbA1c level between the patient groups treated with different concomitant drugs ( Fig. 3 and Additional file 3).
Results
The HbA1c level normalization rate, expressed as the percentage of patients who achieved an HbA1c level of <7.0% (53 mmol/mol), significantly increased at 1 month compared to baseline (p < 0.05), reaching an increase in 53.1% at 3 months (Additional flile 2: Figure S2 ). The fasting blood glucose normalization rate, calculated as the percentage of patients who achieved a fasting blood glucose level of <130 mg/dL, significantly increased at 1 month compared to baseline (p < 0.05), reaching an increase of 50.9% at 3 months (S2). We enrolled patients who meet the criteria of a glycated hemoglobin (HbA1c) level of ≥6.9% (52 mmol/mol) or a fasting blood glucose level of ≥ 130 mg/dL [6] during the observation period. Consequently, this study include patients who were achieved the HbA1c goal/or the fasting blood glucose goal at baseline. Table 2 shows the changes (95% CI) in most laboratory parameters at 3 and 12 months after the start of treatment compared with baseline. Improvement was observed in many of the diabetes mellitus-related parameters.
The factors that affect the blood glucose-lowering effect of sitagliptin were also investigated. A negative correlation (R = −0.528, p < 0.05) was observed between the baseline HbA1c level and the change in HbA1c level from baseline to 3 months (S3). Related factors other than baseline HbA1c level were also investigated. For this purpose, the approximate linear correlation between the baseline HbA1c level and that at 3 months of treatment was calculated. A single regression analysis was performed using the deviation from the correlation line as the dependent variable. The results indicate that age, body mass index, mean blood pressure and concomitant administration of medium-dose glimepiride significantly affected sitagliptin efficacy (Table 3 ). Using the factors that showed a significant effect, multiple regression analysis was performed on the deviation from the approximate linear correlation. Only medium-dose glimepiride significantly affected sitagliptin efficacy (p = 0.017; Table 3 ). Table 4 shows the changes in anti-diabetic medication during the study and 86 patients were increased the dose of sitagliptin after the 3 months of follow-up visits.
Adverse events observed in the 711 safety-evaluable patients included clinical symptoms in 37 patients and laboratory abnormalities in 18 patients (Table 5 ). 19 out of 55 patients discontinued administration of sitagliptin because of the adverse event. Four of these events, anemia (sitagliptin single-drug group), hypoglycemia (multipledrug co-administration group, low-dose glimepiride Data presented as n (%) or mean ± SD co-administration group), urticaria (multiple-drug coadministration group), were judged by the investigator to be causally related to the study drug. The incidence of an adverse drug reaction was 0.56%. Hypoglycemia occurred in three patients (0.42%), but all the cases were mild. They were judged to be causally related to the study drug in one patient each in the multiple drug co-administration and low-dose glimepiride groups, and as possibly causally related to the study drug in one patient in the sitagliptin single-drug group.
Discussion
In the present study, the overall sitagliptin-induced decrease (95% CI) in HbA1c level from baseline was −0.73% (range, −0.80 to −0.67) at 3 months. In many studies, sitagliptin reportedly improved HbA1c and fasting blood glucose levels both as a single-drug therapy [3, [8] [9] [10] and as a combination therapy with other antidiabetic drugs [4, 5, 11] . In our study, we excluded patients undergoing insulin use, also some clinical trials [12, 13] reported about the combination therapy about sitagliptin and insulin. The patients in the present study had chronic diabetes mellitus, and many had already been inadequately controlled with antidiabetic drugs and additionally received sitagliptin. This suggests that the conditions under which this study was conducted were closer to routine clinical practice than those of another Japanese dose-finding study for sitagliptin [9] . Our study showed favorable, significant results for patients taking sitagliptin, which were similar to those obtained in other studies, despite the differences in study conditions.
In the present study, no significant difference in the change in HbA1c level was observed between the groups of patients who received different concomitant drugs. However, the extent of the improvement was greater in the patients with a higher baseline HbA1c level [S3] . This suggests the need to correct for the effect of the baseline HbA1c level when interpreting data obtained in studies with widely scattered baseline HbA1c values. Sitagliptin-induced improvement in the HbA1c level was more difficult to achieve in the medium-dose glimepiride group than in the other groups, based on the exploratory study on the factors that affect the blood glucose-lowering effect of sitagliptin, the multiple regression analysis of the correlation between the baseline HbA1c level and the change in HbA1c level from baseline based on the deviation from the approximate linear correlation ( Table 3) . The baseline HbA1c level in the medium-dose glimepiride group was high (8.24%), but the sitagliptin-induced improvement in HbA1c level failed to meet the expectation that the higher the baseline HbA1c level, the greater the improvement [14, 15] . Although there is no report stating that Glimepiride is likely to cause the secondary failure, in comparison with Sulfonylurea, Biguanide and Thiazolidinedione, it is reported that Sulfonylurea causes the secondary failure [2] . Although Glimepiride doesn't beget the secondary failure easily in Sulfonylurea [16] , compared to other drug groups in this study, it is also presumed that in Glimepiride middle-dose group, the pancreas may become exhausted. We can't identify the cause of it because there were some patients who didn't laboratory test. However the duration of Glimepiride middle-dose group was 10.2 years, it was longer than overall. Consequently, the effect of sitagliptin might not be obtained easily. By contrast, in a study where glimepiride was administered at a low or high dose and sitagliptin was added after dose reduction of glimepiride [17] , sufficient efficacy was achieved in both groups. Patients in actual clinical settings have diverse treatment histories, which requires future studies on sitagliptin co-administration with medium-or high-dose glimepiride. Although, smoking and drinking rate are both high in the medium-dose glimepiride group. But we judged it is not significant elements in the multiple regression analysis.
To prevent complications, the target HbA1c level is <7.0% (53 mmol/mol) and the target fasting blood glucose level is 130 mg/dL for blood glucose control [6] . In the present study, the rate of achieving the target control level improved for both HbA1c and fasting blood glucose levels.
Laboratory test results showed that the homeostatic model of assessment (β index) significantly increased at 3 month after starting treatment compared with its baseline value, suggesting that sitagliptin enhances insulin secretion.
Patients with type 2 diabetes mellitus have reduced numbers of pancreatic β cells [18, 19] . In an animal experiment, sitagliptin reportedly had pancreatic β cell-protecting and growth-promoting effects [20] , in our present study, the Cpeptide reactivity index (CPI) significantly increased at 3 months after starting treatment. It was more likely because of improved beta-cell function rather than increased beta-cell mass because it was just 3 months after the start 5 (8.4, 14.6) 0.001> 324 270
43.9 ± 2 11.1 (7.6, 14.6) 0.001> of sitagliptin, and considering this was an observation in human subjects. However, Nishimura et al. reported that CPI increased from baseline to 3, 6, 12, 18 , and 24 months after the start of sitagliptin administration [21] . This indicated the pancreatic β cell-protective effect of sitagliptin in a clinical setting. Nishimura et al.also reported that greater CPI increase after sitagliptin administration were associated with the response to sitagliptin [21] . In our study, the number of patients who test CPI was limited. So we didn't analysis CPI as the elements of logistic analysis. But CPI may be benchmark of the efficacy of Sitagliptin. However, the insulin secretion-enhancing effect of glucagon-like peptide 1 is reportedly dependent on the blood glucose level [22] . A meta-analysis on the effect of DPP-4 inhibitors revealed that the hypoglycemic risk from DPP-4 inhibitors is similar to that from placebo or thiazolidines but lower than that from sulfonylurea drugs [23] . Sitagliptin did not induce excessive hypoglycemia [10] , and in the present study, mild hypoglycemia occurred in only three patients. [8, [24] [25] [26] . In the present study, sitagliptin did not cause any increase in the body mass index. Sitagliptin also decreases postprandial triglyceride level [27] and lowers blood pressure, blood lipid level [28] and alkaline phosphatase level [29] . Our present study also showed decreased systolic and diastolic blood pressures, decreased LDL-C level and decreased triglyceride levels, which is similar to results from previously published studies.
DPP-4 inhibitors do not induce body weight increases
Incretin is secreted from the gastrointestinal tract by the stimulation of molecules such as glucose and fats that are produced after food is taken into the digestive organs. Thus, incretin enhances insulin secretion from the pancreatic β cells when the blood glucose level increases after a meal. By contrast, sitagliptin decreased both postprandial and fasting blood glucose levels [26] . In the present study, sitagliptin improved fasting blood glucose levels and the rate of achieving the target control level. Talk about adherence, Walker et al. reported 22% of DM patients are defined as poor adherence of [11] . And our study also showed the HbA1c level of 12 month was similar to 3 month. According to the result of this study, we assume that 3 months of observation period is not too short to evaluate the clinical effects of sitagliptin.
Study limitations
This was an open-label observational study (patients were not allocated to the groups), the number of patients were different in the each groups because we categorized by the type of pre-existing therapy for type 2 diabetes. In this study, we excluded participants undergoing insulin use and rapid-acting insulin secretagogues. Dose increases of sitagliptin, and additional administration, dose changes or discontinuation of other antidiabetic drugs were allowed starting after 3 months of treatment. This short duration is a limitations to assessing the long-term usefulness of sitagliptin administration. However, this study is significant in that it evaluated sitagliptin efficacy in patients treated with different concomitant drugs in actual clinical settings.
Conclusion
Sitagliptin administration improved the HbA1c level and the rate of achieving the target control levels in patients with type 2 diabetes mellitus who were previously untreated with, or who were poorly responsive to, existing antidiabetic drugs. Thus, sitagliptin is expected to be effective for this patient group. Concomitant administration of sitagliptin to patients treated with medium-dose glimepiride only slightly improved blood glucose control after correction for the baseline HbA1c level. 
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